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" J
|V, | determination at Belle

v' Using endpoint of momentum spectrum for e* with 27 fb-!

Endpoint of momentum spectrum | Measure partial

: branching fraction
region above + obtain [V
obtain |V |
v" Full reconstruction tagging With

3 kinematical sel. where b—c decays are suppressed:
1) M, <1.7 GeV/c? / >>8 GeV%/c? )
Measure

2) M;<1.7 GeV/c* / no q* cut > partial rate +

3) P, =E;-px analysis : obtain |V, |
y

v' Using D®1v tagging with 253 fb-!

Exclusive reconstruction Measure branching fraction
of tlv for mt/plv + obtain |V, |

I. Bizjak, PANIC 2005

semileptonic decay
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endpoint : Phys. Lett. B 621, 28 (2005)
full recon: submitted to PRL, hep-ex/0508018

Inclusive |V ,| determination

I. Bizjak, PANIC 2005



Electron momentum endpoint 2

Measurement region:

1.9 GeV/c <p.) < 2.6 GeV/c (CMS)

B—X v

||

0.025

0.02

0.015

Background estimation region: 001

o
&

© A\H\‘\\H‘HH‘HH‘HH‘HH

1.5 GeV/c < p.* < 1.9 GeV/c (CMS)

vl
05 1 15 2 25 3

GeV/c

o

BB
Deal with LARGE backgrounds: electrons from < ©

I non BB processes

QED radiative
corrections included

MC simulation: «——
D**ev (ISGW2)

D*ev (HQET)

*Leptons from other decays Dev (ISGW2) Fit (D*+ D)lv/ D** 1y

-

BB backgrounds

‘Bo>X1v <

relative contributions
J/v,y(2S),yconv.) ¢ L
Veto on invariant mass

*Fake electrons B
Estimated using K -7 *7

I. Bizjak, PANIC 2005
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How to deal with large non-BB background

Non BB backgrounds

» Visible energy
Charged multiplicity
Fox-Wolfram moments

¢ Continuum (e*e-—>qq ) Subtraction of continuum

* QED processes

Energy flow variable

— Signal

008 [ "-:_ ---------- Continuum

0.06 |

Arbitrary Units

I. Bizjak, PANIC 2005

Fisher discriminant:
Energy flow variables
Thrust axis

\. Rare B decay tag

(8.8fb! of offresonance data)

Rare B decay tag Acceptance of selection
requirements as a funct. of g2
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Electron spectrum endpoint: the result ( 27 fb!)

log scale

7500* linear scale

Electron Candidates / (50 MeV/c)

f/ BB background (b—c MC expectation)

] continuum background
_/ g

Systematic uncertainty:
Model dependent signal eff. ... 1.7% - 3.4%
B —>X lv background estimation ... 17%

NEX 1v
7 ABr(Xulv): ( u )
1] R S AL N P S—— 2Npg Emc
2 / 2.2 2.4 2.6 2.8 3
b—u MC expected shape ~ Momentum (GeV/c) v, |:\/(l+6rad)XABr (Xulv)l
TR R

total erroron|V | ..... 11%

| Vil = (4.82£0.47£0.31) x 103

stat + syst

Shape function parameter determination

m, (SF) = 4.60 £ 0.040, ,u,zr (SF) =0.20+0.040

. hep-ph/0507253
+ theoretical error (hep-ph/ )



Fully reconstructed sample ftted by Crystal Ball {

60000

- _B 0 Signal ..... 254411
50000 — bkgd ..... 177669
I purity ..... 0.59

Fully reconstructed sample

Events / Bin

Clean environment but small sample: € __  ~ 3.10-3 40000 ftted by Argus £

30000

Exclusive method: 180 decay channels

20000 | g

Test of quality of Mo — \/Ez / + 2/ > st |
reconstruction: BC — beam/ € ~PB/C :

P ST NI N TR (NN ST S G Y
5.23 5.24 5.25 5.26 5.27 5.28 5.29

M,_(GeV/c?)

out of 275 milion BB

Reconstructed channels:
B’ - D® 7t / DM p* / DMt/ DO D OT
Bt > DM gt/ D®pt / D®% T/ DD ®F

50000 I
B+  Signal....422753

: bkgd ... 255446
purity ..... 0.62

Events / Bin

70000 [

D> D'’ D* »Drt/Dn’ D* —>Dy | wm;

50000 |

D° - Kn/Knn'/Knnn/Kn'/Knn/Kann® /KK

30000 |

D — KTCTC/KTCRTCO/KSTC/KSRRO/KSTCTCR/KKn 20000 [y e s

D, > K Kn/KKn : s \
I. Bizjak, PANIC 2005 ' ' ' ' T eevied




Selection of B—X lv events

@ From reconstructed events

in

Events/b

10000

5000 |

select events with

high momentum leptons

@ Additional selection criteria:

Require only one lepton
Total charge: 2Q=0

25000

20000

15000

p* >1GeV/c +  |-1<|m_. 2| <0.5GeV?/c?
Charged B tag: s
require charge consistency No(K*)=0, No(K’)=0
— sample of semileptonic decays cosd ;.. <0.95
;
- | @) Construct kinematical variable distributions

M,,q*, P,=Ex—py

Estimate excess events over the
b—c contribution (MC simulation)

..........

Calculate |V, |

I. Bizjak, PANIC 2005




Partial rate calculation

Number of excess events

\

W(AD) =

AF%/V (ACD) _ Nb—)u . F & frec gf
b—u
sel gfrec g€

/

AN

Number of semileptonic events

Ratio of efficiencies for b—u and s/

I

I

I

I

I ' -
| C(X/v) N, ¢ b=
I

I

I

I

selection efficiency

!

AL, (AD) = W(AD)YX T(X/V)) e—— from the world average

|
|
Non-perturbative part of R(A®) calculation :
IV, |= \/ ALy, (A(D) packed in the “shape function” |

|

R(AD) m, (SF) = 4.60 + 0.040, 222 (SF) = 0.20 + 0.040

I. Bizjak, PANIC 2005

hep-ph/0507253



< P+ =Ex/c - Px
P, analysis P, <0.66 Gev/c P_=E_/c+p
E:I3000 . 5 120 |
Q —— P M P
o 2500 f " i w0 "
= ] bou MC q 8o
@ 2000 | 7% b—c MC 0
;,:3 + data [ 4
1500 | 40
20 -|_I_I 'l
[ Y ,
| T Tﬂ
-20 | ¢ #
0 1 2 3 4 E o 0.5 1 1.5 2
P, (GeV/c) P, (GeV/c)
Total error on |V .| ..... 11%
— +0.14 .
|V.,| = (419£0.20+0.19£0.13 £ 0.18 + 0.24 0,15 ) x 1073

I. Bizjak, PANIC 2005

stat syst b—>c b—>u SF theo

model dep.



MX/(l2 anaIYSiS MX<1.7 GeV/c? / q2>8 GeV2/c?
. _
o l
Q 500 | (b)
2 ool b 2 ool
Az | b—u MC -~ 60|
§ 1004 b—sc MC e | q>
_ dat :
[ 300\ + data %s :
AN :
200 7 +
100 |
06"'01'5' 1 1.5 2 &.5 B T TR R
(GeVzlcz)

M (GeV/ e’ )

Total erroron |V .| ..... 10%

|Vl = (4.70£0.24+0.2140.15£0.12 £ 0.20 *)22) x 107

stat syst b—>u b—>c SF theo
model dep.

I. Bizjak, PANIC 2005
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wn

M, analysis M, <1.7 Gev/c? / no g? selection
X
= 1200 + data f150°F
= : b—u MC 5125_ MX (a)
£ 1000 } b—¢ MC P
S 0\ B 100
= — G
800 \\ 7 -
\ ;
l/ 50

600
400 /

200

o

1
[
5}

‘‘‘‘‘

3
M_(GeV/c?)

total erroron |V | ..... 9%

V.| = (4.09+0.19 +0.14 + 0.12 + 0.05 + 0.18 7014y, 10
ub 0.15

stat syst b—>u b—>c SF theo
I. Bizjak, PANIC 2005 model dep.




"
Inclusive |V ,| Results (comparison by HFAG)

Results recalculated
using s.f. parameters

m,, (SF) = 4.60 £ 0.040, 1.2 (SF) = 0.20 + 0.040

Belle
Endpoint result

{

Phys. Lett. B 621, 28 (2005)

Belle final
full recon result

submitted to PRL,
hep-ex/0508018

uncorrelated errors (stat, syst, model dep)

{

CLEO endpoint

1

4.02+0.47+0.35
BaBar endpoint 0 —
4.23+0.27+0.31
BELLE endpoint 0 -
4.82+0.45+0 31
BaBar M- q2 freco B -
4.76+0.34+0.32
BaBar E - q2 freco o
4.06+0.27+0 36
BELLE My-q’ sim. ann. :5
4.38+0.46+0.3
BELLE M, freco
4.09+0.27+0.24
Average HFAG2005 :
4.38+0.19+0.32
I | | I
2\ 3 4 5
correlated errors (SF, theo) |Vub| (10 3)
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EPS05-542: hep-ex/0508018

Exclusive |V ,| determination

I. Bizjak, PANIC 2005



D®lv tagging . ,
Tag side reconstruction
P B0, —D"IV/D'V
t
Py 6//2_,__‘\ 11B=(XB,YB,ZB) 8 I—’DOTC“L/DJ'TCZ 1 1
v L, 6 decay modes
\( Q;//? L> 10 decay modes
SN v/ B, — D"Iv/DLv
et - L D)oo
—_ >y
\‘:\'-‘ HB;\/?_\\
/ | Signal side reconstruction
- AT B, > nl'v / Tr'l*v

B+Sig—> ol*v / Ttnl*v
> P

Double semileptonic decay: Back-to-back correlation of the two B mesons

constrains their direction to the intersection of the 2 cones.
+./1 1 29 29 92c0sl 6 0 0<xp<1
T = — COS COS — 4COS COS , COS . .
B sin 12( B+ B2 B1 B2 12): for signal

I. Bizjak, PANIC 2005



Signal extraction

Extract w 1™y, p1tv, ntv, pI*v by 2D fitting

200 |

v Other
X Iv(BY)

150

plv

w/plv .
BB

1.2 14
Mx(GeV/c?)

IR

02 04 06 08 1

My dist.

300 |

Y
Other
Xulv(B*)
l

Nl

1.2 1.4
Mx(GeV/c?)

a
=
<

200

n0/pOlv

100

|—

AN
-OO
<

0 1 I 1 1
0 02 04 06 08 1
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50

| 150.7£19.7

30 i ; _"_+

20 | K
10 | \_§—\\\\ >

SO 2 T RS

|
ot 1 1 1 1 |
-2 -1.5 -1 -0.5 0 0.5 1

X% in M(m)

xg? dist. in T mass

50

o 71.7%11.5

30 +
7

20

Mt oz
Al

in (Mx, xg%)

50

| 88.6%18.9

40 +
30 -

=
20 ®
10 | % ? 2Z ;F 7
' |
0 1 1 1 1 1
-2 -1.5 -1 -0.5 0 0.5 1
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2 . .
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100 F
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SRR

2 15 -1 05 0 05 1
X2 in M(1tm) mass



" A Branching fractions & |V, |
N

q© |[mlv m'lv 10 7 ¢>
/. EPS05-542
Total | 1.48+0.20+0.161+0.04 | 0.76+0.131+0.08+0.04 /. /
y; Y/ hep-ex/0508018
<16 |1.08+0.16+0.11+0.04 | 0.54+0.11+0.06%0.03 \Q" /
>16 | 0.40+0.12+0.04+0.02 | 0.224+0.08+0.0210.01 v — —_— {
Quenched avérage(FNAL , 1 QCD, APE, UKQCD
Ert. : stat. + sys * F.F. v ——s
¢ o 1v 01y a 3.70 £0.54 £ 0.23 ¥059
Total | 2,0740.47+0.25+0.14 | 1.39+0.2320.170.02 Combined gl £ e
FNALO4 (unquenched, preliminary)
|V, | from Br (B — nlv, q*>16) v —.—
3.80 £ 0.55 + 0.24 +066 .
AB (B — lv) Tl ——
| V..p |7 _ 3.83 £ 0.69 £ 0.22 *066
rthy . ‘CB Combined ————
. . HPQCD (unquenched, preliminary)
unquenched lattice QCD results: v e
FNAL’04: (3.81%0.44+0.23 *).55) x10- Ol AEDOE A 0
| 4.53 +0.81+0.26 *071 ¢
HPQCD : (4.50 0.52 £ 0.27 *079) x10°3 Combined e

stat SySt theo AT N NN NN S S T N N M




Conclusions

| Lepton endpoint : __» with lowest cut (p* > 1.9 GeV/c)

| measurement : I |V, ,| etror 11%, a competitive result

r-—=—=-=-=-=-=== = .
| Full reconstruction | ———,  The My result is the most accurate

& | V,,| measurement to date (total error 9%)

P, usable (but with largest total error) o

;/ \ largest sensitivity to SF

smallest theoretical error parameter determination

largest sensitivity to

b—c background
INCLUSIVE

) EXCLUSIVE
Experimental error ~ 13 %

________ l
: D®lv tagging | ——

(statistical uncertainty is dominant ~ 11%)

Theoretical error ~ 16 %
I. Bizjak, PANIC 2005
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Belle detector (@ KEKB

Superconducting
cavities (HER

5 years of data taking:
L =15.6-10% cm2s1
L. = 468.9 fbl... 426 million B meson events

Belle detector

ARES copper
cavities (HER)

tunnel

: Beam energies

et (HER): 8.0 GeV

..y [I'-u.“:\i 1 .z 1 s(m)

SVD: Silicon Vertex Detector TOF: Time of Flight Counter
CDC: Central Drift Chamber ACC: Aerogel Cherenkov Counter

: : - CsI: CsI Calorimeter EFC: E-M Forward Calorimeter

E e (LER): 3,5 GeV E KLM: K; and muon detector

 Ecy=10.58 Gev { Belle Detector covers }
large part of solid angle

I. Bizjak, PANIC 2005



Uncertainty breakdown — full. recon.

The break-down of relative

uncertainty contributions =
of the partial rate measurement
given in %
The break-down of relative
uncertainty contrib. for |V .|
Ad |Vis| x 10 stat syst b—u b—c¢ SF  th
Mx [q° 4.70 50 44 31 g 40
Mx 4,09 46 35 31 e 45
Py 4.19 47 46 32 44 58 o

I. Bizjak, PANIC 2005

SOURCE Mx/¢® My Py
statistics 10.0 91 94
systematics:
binning 2.0 20 20
o 24 1.9 20
B(X&v) /e 3.0 30 30
b — ¢ MC statistics 38 40 4.8
b — u MC statistics 2.9 20 25
Detector simulation 4.1 25 546
K7, simulation 1.5 28 28
total systematics 8.9 +1 92
b — u modeling:
SF related 6.0 59 6.2
G — 83 1.5 1.5 1.5
total b — u modeling 6.2 0l 64
b — ¢ modeling:
D/ D* form factor modeling 52 10 80
B(B — D*fv) 1.0 10 20
B(B — D**év) 0.1 1.7 28
total b — ¢ modeling 353 22 87




Partial branching fractions (What is actually

being measured)

Electron endpoint
“systematic”

N Y

ABr( 19< P, <26 ) = (8.47+0.37 +1.53)x10"

“gtatistical”

Full reconstruction tagging

« s .9
“gstatistical” systematlc
- /

ABr (M, <17, g>>8, p* >1) = (8.41%1.14 £ 0.69)x10-*
ABr (M.<17,  p*>1) = (1.24 % 0.15 £ 0.08)x10-3

ABr (P, <0.66,  p*>1) = (1.10+0.15 + 0.12)x10"

I. Bizjak, PANIC 2005



" N Shape function parameters

| Shape function parameters

Shape function parameters
from fit to shape of b— sy

7000

6000 [
5000 f

00MeV)

<3000 F
w
s
<2000 F
=
o

1000 F

4000 |

$’Indf=4.320/9 ]

Shape=exp
m,=4.52
1, 2=0.27

01 1 e L2 22 22 )M (2L L1
E, (GeV)

| from a combined fit to

| moments of b— sy and b—> clv
| distributions from several experiments

| m, (SF) = 4.60 £ 0.040, 122 (SF) = 0.20 £ 0.040

0.4 X —1
~ 03 \
=
[ a=0.146 Inb~140 V
0.2 |b=-3.2572 4
L c=0.094594 ]
d=-20.41 ,___J 1
[ e=0.60793 ]
0.1 1 " 1 n 1 L
4,45 4.5 4.55 4.6
my,
I
% — Fit to all moments
8 0.8 — Fit to b —>clv moments
o~ — "
E |
0.6
0.4
0'2 .......




| V.| Results using m,(SF)=4.52+0.070, u (SF) = 0.27 £ 0.130

Electron endpoint (p* > 1.9 GeV/c)
|V,,] = (5.081+0.47 £0.49) x103>  13%

Full reconstruction tagging )

M,/ q
V| = (4.93£033£0.56) x10° 5,

M
= + + -3 X
|V, (4.35 1+ 0.25 + 0.45) x 10 12%
P
- 3 +
|[V.,| = (4.56 £ 0.20 + 0.55) x 10 149,

/ correlated errors (SF, theo)

uncotrelated errors (stat, syst, model dep)

I. Bizjak, PANIC 2005



" R Extraction of g* distribution

Experimental determination of the g? distribution for|exlcusive nlv and plv modes
to minimize F.F. dependence

oy O — Ball’98
L V5 Barn : [ —ISGW2
% . 0 — ISGW2 A — UKQCD
3 A — UKQCD T <> — Melikhov
N )
“_ég 5y “ | T DA ““““““ / N
S m | bl
O . 05 OlA ell. \
“““““““““““““““““ ~ \1)21}] ~N
GeVz GCV2 \ 3))/7
0 0 )
5 . A -+ UKQCD | A — UKQCD
= 4 ok | & — Melikhov
= il l
© I EE8

1 1 1 1 2
Gevz 0 o 5 10 15 20 GeV



